INTRODUCTION AND THE MODEL
The infinite buffer priority queueing has been studied thoroughly in the past. The case of finite buffer priority queueing received considerably less attention.
Here we consider the non-preemptive priority queueing system with two classes of packets. Class 1 packets have priority over class 2 packets. The packets of class 1 (2) arrive into the buffer according to the Poisson process with rate λ1 (λ2, resp.). The service time has the exponential distribution with the same rate µ for each class. The service times are independent of the arrival processes. The buffer has a finite size N and it is shared by both types of traffic. If the buffer is full, a new coming packet of class 1 can push out of the buffer a packet of class 2 with the probability α. Note that if α = 1 we retrieve the standard non-randomized push-out mechanism.
We use the generating function based approach, which only requires the solution of a linear system of N equations in contrast to approximately N 2 /2 Kolmogorov equations. Furthermore, the derived system has quasi-triangular form. To our best knowledge, the randomized push-out mechanism is analyzed for the first time. In particular, we show that with the randomized push-out it is easy to control the loss probability of priority packets in a very large range. Furthermore, in the particular case of non-randomized push-out we obtain explicit analytic expressions for the loss probabilities.
Priority queueing discipline has a number of important applications in telecommunications and computer networks, e.g., Differentiated Services (DiffServ) architecture for the Internet. In the context of the DiffServ Expedited Forwarding, the proposed scheme can be employed to guarantee the required Quality of Service level for the priority traffic and at the same time to prevent the non-priority traffic from starvation. The major part of traffic in the Assured Forwarding Differentiated Service is carried by TCP, the protocol which adjusts its sending rate based on packet losses. Thus, the randomized push-out priority queueing which provides an easy control of the packet loss probabilities leads to simple and efficient differentiation between AF traffic classes.
RESULTS
Let us denote by p(i, n) the stationary probability of the event that there are n packets in the queue including i packets of class 1. We denote by p0 the stationary probability of the event that there are no packets in the system. These probabilities satisfy the following stationary Kolmogorov equations:
Next we introduce the generating function for p (i, n) 
i , and then the generating function for Fn(x) by index n, that is Φ(x, y) =
n . In the next theorem we determine the generating function Φ(x, y).
with t = (ρ+1−ρ2y)/(2ρ 
with Un(x) and C ν n (x) denoting the Chebyshev polynomials of the second kind and the Gegenbauer polynomials, respectively, and p0
In order to calculate the coefficients of the linear system for p(i, N ), i = 0, ..., N in Theorem 1, we need to compute the Gegenbauer polynomials. We suggest to use the recursive formulae 
where
We note that if α = 0 (no push-out), the loss probabilities for two classes coincide and are equal to PN . In the particular case of the non-randomized push-out mechanism, that is, when α = 1, we are able to calculate the loss probabilities explicitly.
Theorem 3. The loss probabilities of class 1 and class 2 packets in the case of non-randomized push-out mechanism are given by
As an example, we take the following values for the system parameters: ρ1 = 0.2, ρ2 = 0.9 and N = 30. In the figure we plot the packet loss probabilities for two classes as a function of parameter α. There are at least two important conclusions that we can draw from the figure. First, by changing parameter α we tune the loss probability of the priority packets in a very large range, that is from 0.0954 down to 8.54 × 10 −22 . At the same time, we note that with the increase of α the loss of non-priority packets does not deteriorate as quickly as the acceptance of priority packets improves. Namely, the loss probability of the non-priority packets only changes by 22%. Second, in the considered scenario we note that the dependence of the packet loss probabilities for both classes on the parameter α is very close to linear. In fact, for this particular example the relative error between the calculated values and the linear approximation is of the order 10 −7 . Of course, the dependence of the packet loss probabilities on α is not close to linear in all cases. This dependence is significantly non-linear when the high rate of the priority traffic leads to starvation of the low priority traffic. Thus, in the case of no starvation of the non-priority traffic the randomized push-out mechanism can easily be applied for the engineering of the priority queueing systems. Namely, one calculates the packet loss probabilities by the analytic formulae for the boundary points α = 0 and α = 1 and then one uses the linear approximation for α ∈ (0, 1).
